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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TIME HISTORTES OF THE IOADS AND DEFORMATTONS ON THE
HORTZONTAL TATI: OF A JET-POWERED BOMBER ATRPLANE
IN ACCELERATED MANEUVERS AT 30,000 FERT

By T. V. Cooney and Willlem S. Alken, Jr.
SUMMARY

Ioads and deformetlons measured on the horizontel tall of a Jet—
powered bomber alrplsne in ten wind—up right—turn maneuvers and one
gredusl pull-up are presented in time-history form. The datba were
obtalned st a pressure altitude of 30,000 feet and covered a Mach number
renge from 0.38 to 0.78 with accelerations up to 2.95g. The measured
horizontal—taill loads were less than 6000 poumds and the deformations
were small., The level-flight trim tall loasd Increased In the down
direction with increasing Mach number up to M = 0.T4. At Mach numbers
abave 0.7k the taell load required for level flight decreased.

INTRODUCTION

The National Advisory Commlttee for Asropautlics is currently con—
ducting a flight investlgatlion to determine the tall loads on a Jet—
bomber alrplane. For this investigation a B—45A airplsne has been
instrumsnted with strain gages for the measurements of the loads on the
horizontal tall, vertical tall, and wing and with additlonal instruments
for the measurements of the deformatlons which occur in the elevators,
the stablllzers, and the fuselage due to aerocdynamic and inertla loads.

Some Immedlate resultes showing the horlzontal—tall loads and defor—
matlions are presented In this paper. The data were obtalned from ten
wind-up right—turn memeuvers and one gradual pull-up covering acceleras—
tions up to 2.95g end & Mach number range from 0.38 to 0.78 at a pres—
sure sltltude of 30,000 feet.
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Time histories of & steady—flight run, pull-ups, end wind-up turns
at 15,000 feet have previously been reported in reference 1, and time
histories of a right and a left roll at 15,000 feet have been reported
in reference 2.

DESCRIPTION OF ATRPTANE AND INSTRUMENTATTON

The alrplene used for this investigation 1s a B-45A. Figure 1 1s
a three—view drawing of the sirplane showing the approxlimate locatlons
of the load— and deflectlon-measuring devices.

Standard NACA photographic recording lnstruments were used to
measure alrspeed; altitude; rolling, pitching, and yawlng velocities;
sideslip angle; accelerations; control forces; end control positions.
Normal, trensverse, and longitudinsl accelerations were measured at the
airplene center of gravity and at fuselage station Tik (approx. the
1/4 root chord of the horizontal tall). Measurements of normsl accel—
erations wers &lso made at the midsemispan and tip of the right and left
gtabllizers. - .

An airspeed boom was mounted at the left wing tip with the sirspeed
head spproximately 1 local chord shead of the leading edge. The results
of a flight calibretion of the alrspeed system for position error and an
enalysis of avallable date for a similar Installastion Indlcate that the
measured Mach number differs from the true Mach number by lese then X0,01
throughout the test renge. A sideslip—engle recorder was mounted on a
boon extending approximately 1 local chord ahead of the right wing at
the tip.

Electrical-reslstance straln-gage bridges were 1nstalled on each
sper for shear and bending-moment meesurements at station 18 on both
gides of the horizontal tall. In addltlon, straln—gage bridges werse
installed on the elevator and rudder hinges and torgque tubes in order
to permit meesuremsnts of loads and torques on these control surfaces.
Twilst bars were 1nstalled In the horizontal stabllizers to measure the
twist of the stabllizer mlidsemispen and tip wlth respect to the root.

Control—position transmitters were mounted at the root and tip of
each elevator. These transmitters were wired so as to glve the differ—
ence 1n elevator engle at the two stations due to twlet of the elevator
reletive to the stabllizer. Additionsel control-position transmitters
ingtalled at the root of the elevator were used to measure the elevator
position. The positlons of the rudder, ailerons, and elevator spring—
loaded tabs were also measured by control—position transmitters. The
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output from the strain gages and twist-measuring devlices was recorded
on two 18-chamnel oscillographs. A %—second time pulse was used to

correlate the records from all recording instruments.
RESUITS AND DISCUSSION

The horizontal—tail loads and deformations together with related
parameters moasured in ten wind—up right—turn maneuvers end one gradual
pull-up at an altitude of 30,000 feet are presented In time—hlstory
form in figures 2 to 12. All rums were made wlth power on and with
the airplane in the clean condition. At the start of sach rum the
airplane was trimmed in level flight. Information pertalning to the
conditions of flight during each msmeuver is summsrized In table I.

The tall loads presented are serodynamic loads and were obtained
from the strain—gage msasuremsnts (structural load) by the addition of
an inertia load. The Inertia load 1s equal to the welght of the tail
outboard of the strain-gege station multiplled by n — 1, where n 1is
the tall normal accelersation.

The estimated accuracles for the quantitles presented are glvem In
the following table and are based solely on the sensitivity of the :
recording equipmsnt, assuming the records can be read accurately
to 0,01 inch:

Mech number . . . e« o s e & 8 o e .« . e s s s s« o s &« E0.,01
Center—of—gravity norma.'l. acceleratlon, g units e v o s+ s o a « o« *0.03
Flovator position, deg « « « ¢« ¢ ¢ = o « s o ¢« o o ¢ « « s ¢« « o« T0.25
Total horizontal-tell aerodynamic 1ogd, 1D « « « s s « o & o s « « £160
Elevator aerodynsmic load, 1b (each elevator) e 6 s e s s e e . . EEO
Stebilizer twist at midsemispan, deg « « ¢ ¢ ¢ « o o o o « » E0.007
Staebilizer twist at tip, deg . . . . e s e« s o s « e« o« o E0.015
Elevator twlst (relstive to sta.'bilizer) d.eg € e e e e i s . e . *0.07

Total tall loads.— From figure 2 1t is seen that at a Mach number
of -0.38 the tail load for trim is 2600 pounds in the up dlrection. With
increasing Mach number the tail load for 1g flight becomes more negative
until et M = 0.7k, as shown in figure 10, a down—tall load of
4800 pounds 1s experienced. With a further Increase 1n Mach number
ebove 0. 71!- more up~tall loed 1s requlred for trim. In flgure 12 1t Is
seen that et a Mach number of 0.78 the tall load for trim has changed.
to a down losd of approximately 2000 pounds. Changlng weight and center-
of-gravlty posltion are addltlional factors contrlbuting to the change
In tall load.
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As indicated In the figures, the tall load becomes more posltive
with increasing normael acceleration. The increase 1s not linear,
however, so that the tall load per g is not a constant value. The tall
load per g becomes greaster at the higher values of airplane normal—
force coefficlent, 1ndicating a forward travel of the wing—fuselage
aerodynamic center.

The taill. load dissymmetry differs for each run, end except for the
run made at M = 0.78 (fig. 12), 1s less then 500 pounds. In this run,
the right ailde of the horizontal ta.il carrles as much as TOO pounds
more down load than the left.

Elevator loads and elevator position.— As shown in figure 8, the
maximm elevator load measured occurred In the run made at a Mach number
of 0.69. The greatest load on the left elevator was TOO pounds in the
up direction at the start of the run and the greatest load on the right
elevator was 650 pounds in the down directlon at the time of the maxi—
mim acceleratlon.

There 1s considerable dlssymmetry in elevator load, the left
elevator carrying more down loed in all rums. The dissymmetry ls nearly
constant during each rum but varies for the different runs. The mexi-—
mum dissymmetry ls epproximately 500 pounds.

The elevator posltion as presented Iin the figures 1s that measured
at the elevator inboard end. In all runs the right elevator is spproxi-
mately 0.5° more up at the root than the left.

Stabllizer and elevator twist.— At the test altltude both the ste—

billizer and the elevator loeds are relstively small and therefore
twilsting of the surfaces due to these loasds i1s small. The meximm sta—
bilizer twist in trim £light occurred during the M = 0.74 run (fig. 10),
where the twist at the tip of the left stabllizer 1s epproximately 0.25C
in the nose~down direction. At the same time, the twlst of the right
gstablilizer at the tip 1ls zero.

Due to limitations in the instrumentation, the elevator twlst at
the start of each run could not be determlned; therefore only incremental
elevator twlste are glven for each run. The msximum incremental elevator
twlat for the left—elevator—tlp treiling edge was 0.16° down end occurred
in run 8. At the same time, the incremental twist of the right—elevator—
tip trafling edge was 0.36° ’ dowm.

BuPfeting.— The flight records indicated that light to heavy buf~

feting was experienced in &1l the mamneuvers except those made at Mach
nunbers of 0.64, 0.69, and 0.72 (figs. 7 to 9) where the maximum
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sccelerstion reached was not great snough to penetrate the buffeting
reglon st the test altitude. The normsl—force coefflclent at which
buffeting starts is indicated in the figures. The quantities presented
for all runs, however, are the mesan values end do not show the oscil—
lations produced by the buffeting.

Langley Aeronsutical Iaboratory
National Advisory Committee for Asronautics
Iangley Air Force Base, Va.
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TPABLE T
CONDITIONS OF FLIGHT DURING MANEUVERS
Elevator
s | i | soteion | AT | et
rpm) nose up (1b) (percent M.A.C.)
(deg)
2 93 10.5 61,610 28.34 0.38
3 87 8.5 60,930 28.27 J3
L 92 6.5 59,940 28.17 .48
5 %5 5.5 59,090 28.08 .53
6 100 k.0 58,500 28.02 .59
7 100 2.5 57,440 27.90' .64
8 96 1.5 56,650 27.82 69
9 100 1.5 56,280 27.77 72
10 100 2.5 55,780 27.72 Th
11 100 3.5 55,210 27.65 JT6
12 100 k.0 54,390 27.56 .78
NACA
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Figure l.- Three-view drawing of test airplane showing approximate
locations of strain-gege bridges and deflection-measuring devices.
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Flgure 2.- Time histories of pertinent quantities measured during
a wind-up right turn at M = 0.38. Airplene weight, 61,610 pounds;
center of gravity at 28.34 percent mean aerodynamic chord.
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Figure 3.~ Time histories of pertinent quantities measured during
a2 wind-up right turn at M = 0.43. Airplane weight, 60,930 pounds;
center of gravity at 28.27 percent mean serodynamic chord.
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Figure L4.- Time histories of pertinent quantities measured during
a wind-up right turn at M = 0.48. Ailrplane weight, 59,940 pounds;
center of gravity at 28.1T7 percent mean serodynsmic chord.
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Figure 5.~ Time histories of pertinent quantities measured Quring
a wind-up right turn at M = 0.53. Airplane weight, 59,090 pounde;
center of gravity at 28.08 percent mean aerodynamic chord.
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Figure 6.-*Time histories of pertinent quantities measured during
a wind-up right turn at M = 0.59. Airplane weight, 58 »>00 pounds;

center of gravity at 28.02 percent mean aerodynemic chord.
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Figure T.- Time histories of pertinent quantities measured during
a wind-up right turn at M = 0.64. Airplane weight, 57,440 pounds;
center of gravity at 27.90 percent mean aerodynemic chord.
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Figure 8.~ Time histories of pertinent quantities measured during
a wind-up right turn at M = 0.69. Airplane weight, 56,650 pounds;
center of gravity at 27.90 percent mean aerodynsmic chord.
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Figure 9.~ Time histories of pertinent quantities measured during
a wind-up right turn at M = 0.72. Airplane weight, 56 ,280 pounds;
center of gravity at 27.77 percent mean aerodynamic chord.
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Figure 10.- Time histories of pertinent quantities messured during
a wind-up right turn et M = 0.7L. Airplene weight, 55,780 pounds;
center of gravity at 27.72 percent mean aerodynamic chord.
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Figure 11.- Time histories of pertinent quantities measured during
a wind-up right turn at M = 0.76. Airplane weight, 55,210 pounds;
center of gravity at 27.65 percent mean serodynsmic chord.
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Figure 12.- Time historiles of pertinent quantities measured during
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